Abstract
direction and about ±18°vertically.
23
The end section of the neutron guide as well as the secondary spectrometer 24 are placed in a vacuum chamber whose inner surface is covered with Cd. trajectory can be written as a triangular function of the form t (b) = β 1 /α, |b| ≤ δ,
where δ is one-half the thickness of the collimator vanes. To yield Eq. (2), the 140 oscillation of the radial collimator is taken into account in an averaged manner.
141
The parameter t 0 , defined as
is related to the maximum transmission of a collimator and the 'maximum 
The parameter β 2 arising in Eqs. (3) and (4) defines one-half the angular spacing 147 between adjacent collimator vanes at the outer radius r 2 , whereas β 1 represents 148 the corresponding quantity at the inner radius r 1 .
149
To determine the amount of the annulus that is seen by a given detection 
To evaluate V (r), one has to consider a width of the neutron beam of 2W 153 that may illuminate the entire annulus or just a part of it. As long as r ≤ W , 
where ψ b and ψ δ depend either on b 0 written as
or on δ given through
If r > W , the treatment becomes more cumbersome, as arc sections may be 157 visible (see Fig. 6 of [27] ) and, thus, the visibility function depends on the 158 angle. As a result, only a certain range of ψ is considered in computing the 159 visibility function of Eq. (6), which may be written as
where H (ψ
is the Heaviside function
determining whether an arc section is seen by the detection point D or not. The boundaries of ψ are given by
where the operator 'max' or 'min' yields the larger or smaller term of the bracketed expressions, respectively, and ψ W is given by
Ideally, in neutron experiments, the sample diameter matches the beam dimensions, so that the scope 0 ≤ r ≤ W is assumed to belong to the sample.
162
This area emits the signal of interest and its visibility is given by V (r) of Eq.
163
(7). Thus, the transmission t an of an ORC can be written as
where the denominator refers to the visibility function for the setup without
165
ORC given through
An annulus larger than the sample, i.e. W < r ≤ r SE , corresponds to the 167 sample environment, i.e. the source of parasitic scattering, given by
of Eq. (10) . With it we may define the quality factor Q W of an ORC as
where the integrals need some comment: the visibility functions yield the trans- 122.0 / 1.5 100.0 / 1.6 76.0 / 0.5 51.5 / 1.5 Vertical Magnet (VM-2) 234.0 / 2.0 158.5 / 7.0 54.5 / 1.9 31.5 / 1.5 one may define the figure of merit as
yielding the factor by which the SNR is increased by using an ORC.
185
In general, G an (ϕ D ) depends on the detection angle, but for a specific instru- 
where ϕ 1 and ϕ 2 are the lower and upper boundaries of the detection angle,
192
respectively. ⟨G an ⟩ can be considered as an ORC's impact on the signal-to-
193
noise ratio of an isotropic scatterer achieved by a detection system.
194
In retrospect, we make some minor changes to the proposed treatment given (iii) the detector geometry via Eq. (19).
198
Throughout the calculations, we use ϕ 1 = −81°, ϕ 2 = 143°, r SE = 122 mm
199
(outermost radius no. 1 of OM in Table 1 ), 2W = 30 mm and 2δ = 0.16 mm.
200
The integrals are numerically evaluated with ∆r = 0.1 mm and ∆ϕ D = 0.001°. 
234
To make contact with the analytical model, the transmission is defined as
where 
with signal-to-noise ratio is computed through
where The number of trajectories that intersect the detection area (a second time) 
Results and discussion

288
Aside from the sample, parts of the sample environment are directly exposed 289 to the incident beam, producing a substantial portion of the parasitic scattering.
290
Disregarding a sample's absorption, the amount of spurious scattering emitted 291 from the SE would be constant and the signal-to-noise ratio depend solely on the 
Suppression of sample environment scattering
295
The analytical treatment of 3.1.1 reveals that an ORC is unable to make trometer can be simulated. Here, the inner radius r 1 must be larger than the 307 sample environment used, while the sample chamber limits the outer radius r 2 .
308
To meet the spatial requirements of the instrument, the radii were restricted to high-t collimators by unfilled dots, and low-t collimators by unfilled triangles.
324
The discrepancy in transmission between high-t and low-t collimators is up to for smaller sample environments such as OM, OF or OS (see Table 1 ) would be 334 of limited advantage.
335
The reason for this becomes apparent when we extract recipes for designing as Table 2 suggests. Table 1 . Filled inverted symbols indicate collimator no. 8 of Table 2 for various SEs. The dashed line indicates its average transmission. The OM, OF, and OS sample environments have similar amounts of aluminum in the beam (see Table 1 ) and, thus, have similar signal-to-noise ratios at ⟨Gmc⟩ = 1, but their background suppression varies by up to a factor of 5 for collimator no. 8. Data for the OM and OS sample environment are taken from Fig. 8 .
figure of merit.
405
The signal-to-noise ratio, and therefore the figure of merit, are crucial quan-406 tities as long as the signal significantly exceeds the spurious SE scattering. Here,
407
the maximum figure of merit is limited by the basic background level that orig-
408
inates from imperfections of the instrument (e.g. dark counts), and which pre-409 vents the ORC from increasing the SNR beyond a (usually unknown) value.
410
However, when the signal becomes comparable to the background, the loss in OM, high-t OM, low-t VM-2, hight-t OF, hight-t OS, hight-t Figure 10 : Same data as Fig. 9 , but here the transmission is plotted as a function of (⟨tmc⟩ ⟨Gmc⟩) −1/2 , which is proportional to the detection limit as in Eq. (24). Additionally, data for low-t collimators under the OM sample environment are shown (taken from Fig.  8) .
characteristics, such as a dilute solution. The smallest concentration of the specimen whose signal can be distinguished from the background is the so-418 called detection limit ⟨C DL ⟩, which is independent of the considered dimension; 419 for instance, it may concern a Bragg peak along the scattering vector Q or a 420 Gauss-like distribution on the time-of-flight axis.
421
Assuming the background varies marginally in the vicinity of a peak, the 
where A is constant for the system under consideration (incorporating the prop- compared to ⟨G mc ⟩ as shown in Fig. 7 and, thus, the approximation of Eq. (24) 433 is reasonable. spectrometer.
453
As a result, collimator no. 8 of Table 2 tor where its orientation is fixed so that shadows cast from the collimator vanes 462 match the gaps between detectors, which can grant another 2% in transmission.
463
The vanes of the radial collimator are intended to consist of 0.1 mm thick
464
Kapton foils covered on both sides by a thin layer of Gd 2 O 3 . As suggested in
465
[19], the vanes that are exposed to the incident beam will be omitted since they 466 are expected to be a source for spurious scattering, while their impact on the 467 figure of merit is negligible at small angles. 
Suppression of detector cross-talk
469
We now focus on neutrons that leave the radial collimator and head for the which opposing shields share the same length (e.g. l 1 = l 12 , l 2 = l 11 , l 3 = l 10 ,
483
...), sketched in Fig. 2 . Since even shielding material can be a source of spuri-484 ous scattering (particular within the neutron's flight path), the total shielding length l t of a configuration of N s shields is of interest, and can be written as
provided that the height of the shields is constant and, thus, l t is proportional 487 to the total shielding area; the total shielding length l t is a helpful parameter 488 to avoid redundant material. The inset of Fig. 11 shows the length of individual module shields in depen- 
Summary
598
In this paper, the suppression of spurious neutron scattering for the time- 
